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Rdoption of nsar-r*al-timm ●ccountancy in
la~* r~gwocossinq plants will nocossitato mora

timely uaritication. Ue discuss tochniqucs ●nd

instruments that ● rs suitablo for on-sit. veri-
fication of inpt4t, output, *sto Stream*, and

in-procass invontwy ●stimation of tanks, sol-
vont Extraction contractors, and conctntratort.

Calculation $h- that ●mtimmtes of solvont

fraction contactor Inventorial may mako an

in~ignificant contribut~m to tho total uncer-
tainty of the material balance. rolativa to tho

contributions by transfw ●nd procoss tank ir-
uontory measuromento

1 Introduction

Near-real-timm ●ccounting (NRTA) is under
congid~ratton for improvlnq ●ccounting timeli-

nc9s 11) roproco9rinq plants For both conuor+

tlonal accountimq ●nd NRTA, tho operator ~st

measuro ●ll transforc into ●nd out of tho facil-
ity, ●nd tho inspector mJst verify that. meas-
urements

rho me]or difforonco bet-on N~TA ●d con-

ventional ●ccounting is that for NRTA tha i-
procoss Jnvmtory must ba meaaured or ●otlmted
monthIy rather thaa ●nnually T~e@fo-, ●t

Iaast on ● monthly basis, ●ll nucl.ar mmtorial
In procass tankt, solvont ●atrsction contractors,

●d concentrators must be ●st imeted or measured

by rha operntor, and the.. measurements -nt be

vorir’iod by tho inspector
PQrforulnq O+slta vorltication measure-

ments will certainly improv9 t~melinoss 9uch

measuromento may ●ltio be Inhorontly more hccu-
rqta, particularly if tho instrlmnt 11 on lino

●nd mmp!o-taklnq can be ●voided Tho crltoria

M .Qmd for choo.lnq measurement v*riflc4t\cm

tcchnlquoo Included
e nocassary Ingpectbr kill or trairinq,
● tlmm roquir~ for measurement (actual time

40 well ● t inspector’. timm) ●nd 9ampl*

throuqhpui,
● ●bility *O ●ut~t. data ●cqultltion ●nd

Intorprctatjon ad
● proclslon ●nd %ccurocy
in ~ny caso9, we hauo Selact.d instrum.nto atuj

tochnlouot that ● ro ●lready •vol~abio to tho

IAEa or that w. currently under test

U@ considered tochntquos that may be ●PPli-
(ablo to input Outpu?, watt. strGamO, ●nd I*
Oroc.so lnw~ntory ●ttluation

vor

t t!~

the
USU4

&_T& Vwification Problem

lho data availabla to the inspector for

fyinq ● materials balanco (H) may include

oporator’s daclarmd measurement ?.suits,
inspector’s indmpmndant measurements, or

lly ● combination of tho two measurements
Verification usinq independent moasuremmnts 1s

the desired method becauee the stdto must be

viewed ● s h potontial adv*rsary. Mhen verlfica

tion throuyh independent measurement is not pos-
sible, the inspector must ●uthonticata the oper-

ator’ s measurements Likewise, It is important
that the inspector verifies ● ll components of

the f’ts (i ● , inrwt. output, and tnventorles)
Lack of independent tnfomation will result In
\n$pectors dependence on the operator’n data

●nd may lead the IAEA to ● n incorrect conclusion
or none at all

Uith limited r~sources, the Inspactor must

dacide whtch measuramento are most stgntficont’

●nd therofor~ requ]re the most ver ificatjon r-
sourcas

Certainly ● ll input transfers into lh~
chemical procetsinq ● rea ●nd 411 plutontum prod-

uct 0utPut9 WBt be verified, for wa9te streams.
the ●nswer is not ● s unequtvoc~t If Ilquid
waste streams have been vorifivd to contain cor+

stctently low concentrations uf plutontum ($,~ch
● s <0 01 q/L) ●nd the volumes ● re within nof~l

bounds. a statictic,tlly do?ived randum dttrlhllto
measurement by the intpector may suft’~ce in

the mea.uromont of leached hulls tho Inspectur
must authenticate the operator’s maasuremeni

For procett nventory verification, the

inspector should p.rforat lndependont mea9ure

ments on the conte!tto of Iarqe buffer stormqe

tenks in the procosm ● s well so on product stor-

dqe tanks For smeller tanks, ●specially thos~
that coniistontly cimtain only small amounts o?

clut.2nIlum, 4 9tat\stical!y derived cttrlbute

m9asuremel\t may su!fico It is difficult to

somple or meaouro concentrator*/evaporators
however if th~te wre opdrated In batch mode,
*ample, ●nd measur!umants can ●aoily be tahon
from tho concenlrotol solution in the catch tank

thqt follows the concentrator Verifylnq tho
l-process inventory of solvent ●mtractlon con

tactors 10 related t,, siqtflcanca IJf tho (onta(
I Or inusntory relat ,ve to other inve?ltory ●nd
foclllty throuqhpwt



~rification of Transf6rs

M2!!4

For light-uater reactor (1.WR) fuel, the
input dissolver solution w1ll contain +,2-I%

of plutonium rolativo to uranium in a total con-
centration of 10&300 g/L with ●ssociated fis-

sion products ●nd transurmlcs. Therefore meas-

urement, must be mad~ in ● hiqh ga~-neutron
flold, or appropriate separations must ba Qf-
f,cted Saparatkon mmy be ●ccomplished by ion

●xcharqo, for ●nampla, on rtsin beads, by l~quid
chromatography, or by solvmt ●ttraction

Some potsiblo rapid vwificatton tochniquas
for input samples ● rg su~rizod in Tablo I

TA8LE 1, Verification Tochniquao for Input

*1*8

Mathd—..— .-. So~r~t-i~n ~r~~gigfi !*! -

Im Rasin bead -1s 1-6

Ga~ ray Rosin beml, ? 7-10

other?

xRF- Wono ( lx 11-12
donsitomstry

Product

Product sampleg ● rc concentrated to IC6

300 9/L U? plutonium, fro. of fission products

●nd urantum Although ●nalysis is ●aslor than

for input material, on. mutt be careful that
tlma b,!woon g~licq ●nd ●nelyslt is not so

lonq that concmtratlon chmqos from ●oluemt
radiolytis Some possiblo vorlftcatlon ~o

● rc Sumarized In Tabl. II Tho bltd C_Ca~

●naly*lt22 has bean ●pplied to input Q1*s
?o- fast broodor ?ucis but has not bOOfI~
strated for LUR fuels

TAOLE II Vortfication Tochnlqua9 for

Plutoni~ Product

._*@h@ . . Pr~ft_9-tOn

K -Odq. Pu O 6X

10torral sourco

K -odqo ?

[ntornal sourca

:ia~-ray ●bsorption Pu b%

PO.giWo neutrons ru o 58

81ind {homi[al ●nalysis Pu 10 5s

Niqh--lovol Ilquid wastes qanorolly

L@ached hulls could be werifled using

actlua neutron tect1nlque9 such as the 152,:f

sh(4ffler23 or pass”,ve naadtron or f+wnina-ray
methods 24

4 Verification of ProcosI.T~.

For tanks, both the vo!ume and concerltrs-

tton need to b. uerlfleri Volume can ba verl-
fled using ●n inspector-ownod precision pres-
sl,re transducer connoctad to operator dtp
tubeg,fs,~~ or Uslr!g other level moasurlng

dauicgs, such as tl~ domain rof”lectometry Gr

acousttc prnbem 27”29

Concontratlon can be obtained from density

probes3031 or from convontlonal chamlcal analy-
sis of s~lc$ 32 In-tlna ~asurmmnts ~-n be

p~rformod usinq L-edgo dsnsltomotry ,33 m-ray
fluorcgcence,34 or Iwlino spactro~hotoe
try 35-40 fn-ltna uottometry was ,demon—
strated at Dounr.ay with a proctsion of 5% 41
Using ● n o@f-lino CO1l isolated from tho flowing

solution could tmprov~ proclsion to 1-2%

$ Vvifjcation of &mtacto- Invgntorg



from the inspector’s perceiued inabillty to 1*

dependent ly uerlfy the concentration derlued

from the density
MO proposq considering the use of the proc-

ess flwsheot informmtlon to determine the

amount of plutonium in the solvent extraction

contacto~s in tho plutonlum purification CyC10

of ● reprocesslcq faclllty The process flow

sheet sooctfies an approximate concentration

level of gilutonaum Ln each of the four qolvent
entractlon contractors Each column WI1l have

soma var~ablllty to its plutonlum Inventory,

which LS caused by variations in parameters such

as orqanlc and aauaous flow rates into the col-

umns ●nd the pluton~um concentration ●nteri~

the 2A COIUW! The plutonlum concentration ●tw-

terlng the 2A COIUW! var~es with the type of
fuel betng proce~sad (that is, whethar botling-

watar reactor or pressurized-water reactor fuel
is baxng Drocessad) ●nd the burnup of the fuel

Whether process design tnformetlon can ba

●PPllad to the solvent e~traction Contractors
UI1l depend on several parmmaterz The total

uncertainty in maasuromants for NlirA w1ll be a

combination of ●rrors assoclatbd with transfars

throuqh the procets ●nd with ●rrors in moawro-

mant or ●stimation of material in tho process
If tbe material ●munts in contractors ● re smell

compared with the ●mount of mater~al in meawr-
able ! tom such ● s tanks, then the errors In
tht tank measurements will tend to domin@te,
and ● rror uncertalntlos for the contractors -y

bocoma ~ns~qnlficant Al,o, If tho material
●mounts in the contactor$ ●re SM1l compared

with the throughput of tho facility, ● rrors
●sioclatad with transfer measurements will tend
to domt~ate, ●nd ● rrors ●ssociated with tha
contactor inventory will be roletively SM1l

The question Of whether process desiqn if+
formation for th- contractors can b. ue.d to

●stlmate the plutonium In solwont ●xtraction
[ontactors is then reduced to ● ciuestion Of tha
.clatlve contribution of ●rrors ●ssociated with
transfer ,,masuremantt and the Inventory of ttw
.ontactors ●nd with the other oroces. tgnh 8
The ct,aractertttlct of the MS ●quation must b

●mamlnad on ● plant-specific betio to determino
the ●pollcabiltty of this ●pproach The norme~

operational variation In contactor Inventory

must be :onsldered

W have tieled the ● rror contributions
from measured ?hrouqhputs (Input ●nd output),

maasurabl~ Inventory In proco.s tankt, ●nd
,Jm~a,Urabl, inventor~ In solvent ●,tractivn
tontartors The mod.1 covored tho ranqe of
throuqhDuts ●nd Inbentorie! in .Ilttlnq ~onwr-

~ ial reprocetsinq qlants ●nd those plantt ● a-

Pe< ted to bO In Operation by tho ●rvj of the
{ ●ntury

The total $y$tem (tranofer ●nd invontorlet)

I tandard deviation for ● 10 day ●ccount Inq

00r1,* wd$ (al(ulat~d ● . ● funrt~,)n I)f contac-
tor Invontofy (0-)() hq) ●nd t dnh Inventory
([> /{)0 uq) for fa{llltlet ,]t \ow throughput (~

bqlday 100 kq/10 day •~{ountlnq porlod) ●nd
hlqh throughput (!0 bqldavl

The data $hcjwt that for !I!O iwd lnvOntOrlOl
[both tanba ●nd ,ontact~r$) t ho *r-or* ● re
thtouqhwt d(~minatod f!>r iw ●nd hlqh throuqh-

Wt ht hlqh thr,,i,qhput tn. thr,)tiqhput errors

dominate at euon high lnvantorles For tha low
throughput case ar!d d tank Inventory ~40 kq
contribution from uncertainties in contactor
inventory become slgnlftcant (>0 5 kg) only for

contactor inventories ~10 kq, and than only for

contactor inventory uncertalntloa >50%
Similar analyses assumed uncertalntlos In

contactor tnventory of 25% rather than 10% In
tho h:q~throughput case, uncertainties still
are throughput dominmtad [n the Iow+througbput
case, contactor Inventory uncortalnty can become

slqnificant 00 5 kq) for tho case of low tank

inventory wtwn contactor inventory exceeds -5
kq

The study indicates that for many cases.

th uncertainty In plutonium contant of solvent

●xtraction contractors is mall compared to un-
certainties in maamrd transfer. ●nd m ●gurable
Inventory. It is .~estad that in those cases,
cuntactor inventory can & inferrad from opara-

tors’ data ●nd noad not be vorifiad by maasure-

mant during proco.# oparatlon
This type of ●pproach can ba used to ● ssess

the significance of contactor inwmtory uncer-
tainty to overall gyetem maasurema)t uncertain-

ties for ●ny facility dosiqn. If tho contribu-
tion from contactor inventory uncertaln+y is
*-11 relative to thrwghput ●nd measured tank
:nventory, the need for indapandent Inspector
verification of these measurements becomes ques-

tloMble. From verification of plant d.siqn,

the inspector may be ●ble to ● ssume declared
flssh.ot valu.s for contactor inventory. prO-

vldad that tha oparator cannot divert within

th9 inventory uncertainties application Or
thim ●ppromch will b foclllty specific for ●ny

deolqn, ●nd tha facility should ba modeled be-
fore conclusions can b drawn on its ●ppl!cabll -

itv

The plutonlum from the final plutonium pur-

ification cycle qenorally I* concentrated to

250-350 9/L for stor~e or ~hipmant to ● pluto-
nium omide conversion facility Th~ concentra.

tor can ba o~ratad in batch mode or continu-
ously For batch oparotton, MOg can be drawn

when tho ●vaporator is ●mpty, ●. has bmen vu9-

qattad in studioo of NRrh for tho Tokoi facll-

Ity as In this case, lndogandont v.rlflca--

tion of tho concentrator contanto IS not neces-

sary ●xcept to vori?y by ●ttribute. maeturamentt

that the concentrator is ●mpty Ihlt can be

•cco~lllhd with, for ●mampia, ● simple noutr(]n
detector

For contin~,ouo oporation, the problom IS

more complicated For ● plant such Qq Idmchers

dorf In +Ich tho concentrator Inventory IS

small relatlva to tha Inventory in the remalnde?
t)f the facility, W9 propo.e ;Bcceptan(e of opor
●tor-declarad inventory ?or tta~y-ttgte opera

tlun bacauoe uncertalntieo in the overall Ml
●quation wou!d be domlnatad by uncertainties In
the throughput ●d in tank Inventoried thoro
for. vcrlficatlon cont)de~atlons would be a<
propooad for untactorc 1? tho Inspelto? It

tura thot the operator cannot dlvort wlthlr! !ho
measurement un[ettaintles



Alternatlualy, lf continuous evaporator

operation 1s uzed and it 1s necessary to ma~sure
evaporator concentration, an app, each Ilke that

at Oounreay could be used A ,ecycle-loop Is
Installed On the evaporator w~th a gamma-ray
abYorptLO!Ik3tQ. on tht loop Th~ ●btorptlometer

triggers wltMrawal of concentrate when ●

35043/L concentration 11 dcttcted Control of
nitrate product to t5-10 g/L (1 ~% to 2 6%)

11 clalmad By participatlnq ~n tha var~ous
aspects of the measurement control prngram for

the absorptiomator. tho lnspactor should be abla
to Vorlfy concentrator concmtration.

Wgar-real-tlma ●ccounting it .mdsr consid-

eration ● s a techniquo for improulnq tho tlme-
l~noss of ●ccomtlng in roprocesslnq planta
For uorification of ● NRTh system, tho inspector

should b. ●blo to verify transfers into ●nd out

of the procoss ●nd in-proc~ss inwantory during

● 30+ay accountlnq period
For transfarg, w considor tho significant

variflcatlor, problom to be ●t tlw input ●ccoun:-

●blllty tank ●nd the product output For htqh-
throuqhput faciiltlee, those measuromants w1ll
dominate in-process : nventory measur~nt? In
term. of contribution to ovorall meaau?..,rwnt

uncoftaintlos lrw most precise voriflcction

of the input ●ccountability tank will consist

of shkppinq $amplo$ to ●n InEfi laboratory for

Isutope-dilution mess tpoctrometr ic ●nalysts

%ro ttmaly ●nalYscs can he perfo~ m -it.
uslnq quadrupolo ~ts spoctrometr} , n-ray ●b
sorpt!on-adqo donsltomatry. ●nd n-ray ?luoro?-
cmnce or gin-ray apectromatry Hiql+Procl-
sion V?ritication of plutonlum groducts can be
pe, ?ormed P,y shlpplng s~los to ●n I(EA labora-
tory for ,homlc~l •-ly$~g rl-li~cc can be
Lmpr,’tied by a-ray ●ksorptiur+edqo daneitoaetry
jr qama-ray donsitometry on S1?G

Process tank )nvontory can be verified by
4 ,mblnatlcm of volume moaouromant (uslnq fdlP-

tub*9 ●nd Inspector-owwd ● lectromanometors)
.wd concentration maae~remonts , ●ithor inforrwf
rr”m ~.n*lty probeg (mmeured In-llno by x--ray

absurptlo-edqe donsttometry) or irwlino ~on-
<.trtratlon maasuroments uhler operator control
htjt ulth lnl~(tor Partlripatlon in ~asurg~nt

cuntrol proqram.

Solvmt en tract ion contactor Inventorv
could 3s neasured bv di~tubec In most {asos,
It mav be achquato to ●stlmato invontury from
pr(,,o$t ,,peratinq dmta becauoo tho contribution

,)f Inventorv uncortalnty may be Inslqrrlfl. ant

to ,Jvtrall ~a.uroment uncertainty over ● J&day
•c~oumtinq p.rld

(:onr.ntrator inu.ntory -v b. cst I,Iurad
~.,wI proc~ss operatlnq datm mea~urod by qa~-

,* ,jonsttom.try (>r for batch -oporatod ),,! on.
I.*t *r* dctorm~nad ●nalytically when t.l,e {rJn-
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